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Abstract
We calculate hyperon-nucleon and hyperon-hyperon interactions at next-to-leading order in SU(3) baryon chiral perturbation theory
extending earlier work by the Bonn-Juelich group. The constructed potentials in momentum space include all one- and two-meson
exchange terms generated by the SU(3) chiral Lagrangian. Effects from intermediate decuplet baryons are considered as well.
These chiral baryon-baryon potentials, together with appropriate contact terms, provide a new basis for systematic studies of
hyperon-nucleon scattering and light hypernuclei.
c© 2012 Published by Elsevier Ltd.
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1. Introduction
Chiral perturbation theory has become a powerful tool for the systematic calculation of hadronic processes. At
present a very accurate description of low-energy nucleon-nucleon scattering has been achieved in SU(2) chiral effec-
tive field theory [1, 2, 3]. The extension to the three-flavor case, relevant for describing the baryon-baryon interactions
in all (strangeness and isospin) channels has so far not been treated in that detail, also due to the present shortage
of experimental scattering data. A leading order (i.e. tree level) calculation of hyperon-nucleon scattering has been
performed in chiral perturbation theory in Ref. [4]. In this work we consider the two-meson-exchange contributions
to the baryon-baryon potentials at next-to-leading order. These chiral hyperon-nucleon potentials together with chiral
contact terms are basic input for calculations of baryon-baryon scattering, hypernuclei and strange baryonic matter.
2. Theoretical framework
In the following we show the relevant parts of the effective chiral Lagrangian. The leading order purely mesonic
Lagrangian reads
L (2)φ =
f 20
4
tr
(
∂µU∂µU†
)
+
1
2
B0 f 20 tr
(
MU† + UM
)
, (1)
with the quark mass matrix M = diag (mu,md,ms) and f0 the pseudoscalar meson decay constant in the chiral limit.
We use the Lagrangian in the isospin limit which leads to explicit chiral and flavor symmetry breaking by different
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meson masses in the resulting propagators of the mesons. The leading order meson-baryon interaction Lagrangian is
given by
L (1)MB = tr
(
B¯
(
iγµDµ − M0
)
B
)
− D
2
tr
(
B¯γµγ5{uµ, B}
)
− F
2
tr
(
B¯γµγ5[uµ, B]
)
, (2)
with DµB = ∂µB + [Γµ, B], Γµ = 12 (u
†∂µu + u∂µu†) and uµ = i(u†∂µu − u∂µu†). The constant M0 is the baryon mass in
the chiral limit. For the pseudoscalar mesons and octet baryons
φ =

pi0 + η√
3
√
2pi+
√
2K+√
2pi− −pi0 + η√
3
√
2K0√
2K−
√
2K¯0 − 2η√
3
 , B =

Σ0√
2
+ Λ√
6
Σ+ p
Σ− − Σ0√
2
+ Λ√
6
n
Ξ− Ξ0 − 2Λ√
6
 , (3)
we use the usual non-linear realization of chiral symmetry with U(x) = u2(x) = exp (iφ(x)/ f0). These fields transform
under the chiral symmetry group SU(3)L × SU(3)R as U → RUL† and B → KBK† with L ∈ SU(3)L ,R ∈ SU(3)R
and the SU(3) valued compensator field K = K(L,R,U). The leading order interaction Lagrangian including decuplet
baryons is given in the non-relativistic limit by
L (1)MBD =
C
f0
3∑
a,b,c,d,e=1
abc
(
T¯ade~S † ·
(
~∇φdb
)
Bec + B¯ce~S ·
(
~∇φbd
)
Tade
)
. (4)
The spin transition matrix ~S connects the two-component spinors of octet baryons with the four-component spinors of
decuplet baryons. The operator ~S fulfills the relation S iS j† = 13 (2δi j − ii jkσk). The decuplet baryons are represented
by the totally symmetric three-index tensor T ,
T 111 = ∆++ , T 112 = 1√
3
∆+ , T 122 = 1√
3
∆0 , T 222 = ∆− , T 113 = 1√
3
Σ∗+ ,
T 123 = 1√
6
Σ∗0 , T 223 = 1√
3
Σ∗− , T 133 = 1√
3
Ξ∗0 , T 233 = 1√
3
Ξ∗− , T 333 = Ω− ,
(5)
which transforms under chiral symmetry as Tabc → KadKbeKc fTde f .
We follow the power counting scheme of Weinberg, where one defines the potential as the two-particle irreducible
part of the T-matrix, and obtains the full T-matrix by iterating this potential with a Lippmann-Schwinger equation to
all orders. The potentials of baryon-baryon interactions are ordered in powers of small momenta according to [4]
Veff = Veff (q, g, µ) =
∑
ν
qνVν (q/µ, g) , (6)
with the chiral dimension ν = 2− 12B+ 2L+
∑
i vi∆i and ∆i = di + 12bi − 2. The number of external baryons is denoted
by B and L is the number of Goldstone boson loops, vi is the number of vertices with dimension ∆i. For a vertex
with dimension ∆i, the number of derivatives or Goldstone boson masses is denoted by di, and bi is the number of
internal baryon lines. The soft scale q is either a baryon three-momentum, a Goldstone boson four-momentum or a
Goldstone boson mass. Following this scheme the leading order (ν = 0) potential is given by one-meson-exchange
diagrams and non-derivative four-baryon contact terms. At next-to-leading order (ν = 2) higher order contact terms
and two-meson-exchange diagrams with intermediate octet or decuplet baryon contribute. We use the heavy-baryon
formalism where a 1/M0 expansion is performed before doing the loop integrations. In Fig. 1 we show the possible
Feynman diagrams up to next-to-leading order. In the particle basis different assignments of particles to the lines
change only an SU(3) factor and the involved masses, but otherwise the result of the Feynman diagram stays the
same. For diagrams with exchanged (crossed) final state baryons (e.g. YN interaction diagrams with strangeness
exchange) one has additionally to apply the spin exchange operator, and has to exchange the momenta of the final
state baryons.
3. Results
As a representative example we show the potential for the planar box diagram. It has an irreducible part and a
reducible part coming from iterating the one-meson exchange to second order. One obtains a central potential (1), a
2
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Figure 1. Possible Feynman diagrams up to NLO. Solid, double and dashed lines are octet, decuplet baryons and mesons, respectively. Dots are
vertices proportional to q0. A square stands for a vertex proportional to q2.
spin-spin potential (~σ1 · ~σ2) and a “tensor” potential (~σ1 · ~q ~σ2 · ~q ). In the center-of-mass frame, with the momentum
transfer q =
∣∣∣~p ′ − ~p ∣∣∣ and the masses of the two exchanged mesons, m1 and m2, we get the irreducible potentials in
closed analytical form,
Vboxirr,C(q) = −
N
3072pi2 f 40
[
5
3
q2 + 16
(
m21 + m
2
2
)
+
(
m21 − m22
)
q4
(
12q4 +
(
m21 − m22
)2 − 9q2 (m21 + m22)) ln m1m2
+
(
m21 − m22
)2
q2
+
(
46q2 + 90
(
m21 + m
2
2
))
ln
√
m1m2
λ
+
2
w2 (q)
(
23q4 −
(
m21 − m22
)4
q4
+ 56
(
m21 + m
2
2
)
q2
+ 8
m21 + m
2
2
q2
(
m21 − m22
)2
+ 2
(
21m41 + 22m
2
1m
2
2 + 21m
4
2
) )
L (q)
]
, (7)
Vboxirr,T (q) =
N
128pi2 f 40
(
L (q) − 1
2
− m
2
1 − m22
2q2
ln
m1
m2
+ ln
√
m1m2
λ
)
= − 1
q2
Vboxirr,S (q) . (8)
The prefactor N comprises the coupling constants from the four vertices and it is different for each combination of
baryons and mesons in the particle basis. Ultraviolet divergences are treated by dimensional regularization which
introduces the scale λ. Note that divergent terms beyond ln λ have been dropped. We have defined the functions
w (q) =
1
q
√(
q2 + (m1 + m2)2
) (
q2 + (m1 − m2)2
)
, L (q) =
w (q)
2q
ln
(
qw (q) + q2
)2 − (m21 − m22)2
4m1m2q2
. (9)
For the nucleon-nucleon interaction with equal meson masses the expressions reduce to the results in Ref. [5].
Similarly, we show the potential for the triangle diagram with an intermediate decuplet baryon. One obtains the
following contribution to the central potential
VdecC (q) =
C2N
576pi2 f 40
[ (
6Σ (q) − w2 (q)
)
L (q) + 12∆2Σ (q) D (q) + 18∆2 −
(
m21 + m
2
2
)
− 13
6
q2 +
(
m21 − m22
)2
2q2
+
(
9
(
m21 + m
2
2
)
+ 5q2 − 36∆2
)
ln
√
m1m2
λ
+
(
m21 − m22
)
2q4
((
m21 − m22
)2 − 3q2 (m21 + m22) + 12q2∆2) ln m1m2
+ 12∆
(√
m21 − ∆2 arccos
∆
m1
+
√
m22 − ∆2 arccos
∆
m2
) ]
. (10)
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Figure 2. Selection of Feynman diagrams contributing to the transition Λp→ Λp.
Here we have introduced the functions Σ(q) and D(q) by
Σ(q) = m21 + m
2
2 + q
2 − 2∆2 , D(q) = 1
∆
∞∫
m1+m2
dµ′
1
µ′2 + q2
arctan
√(
µ′2 − (m1 + m2)2
) (
µ′2 − (m1 − m2)2
)
2∆µ′
. (11)
The average mass difference between decuplet and octet baryons is denoted by ∆. For the nucleon-nucleon interaction
this potential reduces to the result given in Ref. [6].
For the hyperon-nucleon interaction with total isospin 1/2 and strangeness −1 one has to deal with the coupled
channels ΛN and ΣN. For example, in the diagonal part ΛN → ΛN one has to evaluate 93 contributing Feynman
diagrams. Fig. 2 shows a representative set of these one- and two-meson-exchange diagrams.
4. Summary and Conclusions
We have constructed the baryon-baryon potentials in momentum space up to next-to-leading order in SU(3) baryon
chiral perturbation theory including one-meson exchange and two-meson exchange diagrams generated by the SU(3)
chiral Lagrangian. Effects from intermediate decuplet baryons are considered as well. These potentials are to be
supplemented by appropriate counter terms which encode the unresolved short-distance dynamics. Inserting the
resulting full potentials into a regularized Lippmann-Schwinger equation, leads with SU(3) symmetric low-energy
constants already to a good description of the available hyperon-nucleon scattering cross sections. Detailed results
herefore have been presented by J. Haidenbauer [7]. The application of these potentials to light hypernuclei has been
reviewed by A. Nogga [8].
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